Dr D J Jussawalla (Tata Memorial Hospital, Bombay 12, India) Cancer Incidence Patterns in the Subcontinent of India Adequate statistical data can serve as valuable analytical tools in evaluating the status of cancer as a public health problem in any chosen area. Characteristic site-specific distributions of malignant disease in different countries and racial groups and the changing trends of incidence of various types of cancer over a period of time may provide valuable epidemiological leads to the etiology of a variety of cancers.
In all developing countries public health departments traditionally lay emphasis only on communicable diseases, respiratory and gastrointestinal infections and malnutrition. Statistics relating to cancer, if available at all, are usually fragmentary and fail to present an appropriate analysis of the current problem. In India, due to this bias, the public health administration continues to give a low priority to this disease despite the fact that cancer has emerged as one of the ten leading causes of death today in India and is ominously advancing in rank year by year.
Common Cancers An accurate assessment of the cancer problem in most developing countries remains a difficult exercise and the only fact to emerge reveals that the common types of malignant disease differ radically from those observed in the West. Thus, in the industrialized world the disease is seen to occur in great numbers in that portion of the digestive tract which lies below the level of the cardio-aesophageal junction and in the bronchus and the female breast. In India, on the other hand, it is the upper digestive tract (oral cavity, pharynx and cesophagus) and the uterine cervix which are most frequently affected. Table 1 Age-adjusted cancer incidence rates by sex for ten leading primary sites of cancer. Greater Bombay In Bombay ranking by age-adjusted incidence rates shows that the tongue is the commonest organ involved in the male, followed by the larynx, cesophagus, stomach and hypopharynx, in that order. Age-adjusted incidence in women is seen to be highest in the uterine cervix, followed by the breast, cesophagus, stomach and ovary, in descending order (Table 1) .
Incidence Rates
In Greater Bombay, during 1964-7, 13 133 new cases of cancer were diagnosed in residents of the city, giving an average of 3283 per annum and a crude incidence rate of 70.1 per 100 000 population (70.9 for males and 64.7 for females).
As elsewhere throughout the world the agespecific rates follow a general pattern of increase with age. The first spurt is noted in the fourth decade, followed by a sharp rise in the older age groups, in both sexes.
Overall age-specific rates for women are generally lower than for men, except between the ages of 25 and 59. This can be explained by the preponderance of female genital cancers noticed in the reproductive age groups where generally the overall rates are 50% higher than those for men.
To place the cancer problem in perspective, a comparison with incidence rates reported from other countries has been attempted. Accurate rate comparability depends on a number of factors such as validity of reported figures, quality of medical care available and ways and means used in collecting and collating the available information on diagnosis and treatment. Wherever the methods of data collection are similar, a review of the reported findings can be useful. We have relied primarily on the incidence data reported from various centres by the UICC (Union internationale contre le cancer) wherein adequate descriptions of the methods used for data collection are clearly indicated.
For comparison with other countries, incidence rates have been adjusted to the world standard population as suggested by the UICC. The ageadjusted incidence rates for Greater Bombay, though low, are yet not the lowest. Of the 68 populations for which such data are available (UICC 1966 (UICC , 1970 , 9 male and 9 female rates show lower values than at Greater Bombay, for all sites (Table 2) .
Variations by Religious Sects
Greater Bombay is a cosmopolitan city with a population of 5.97 million (1971 census) drawn from every state in the Indian Union. This urban centre thus represents a true cross-section of the heterogeneous peoples of the country. Table 2 Nine populations (out of 68) showing lower age-adjusted rates for all sites of cancer than at Greater Bombay (UICC 1966 (UICC , 1970 Thinly dispersed in this vast city, a tiny community known as the Parsees are distinguished from others by religious, demographic and socioeconomic factors. Even though living in the same geographical environment over many generations they present striking differences from the others in the relative frequency with which cancer is seen to arise at various sites. It was initially felt that the differences noted in the relative frequency with which cancer occurs at specific sites between the Parsees and other communities were perhaps due to the different age-structure of the Parsee population (Fig 1) . Surprisingly, however, although the differences in incidence rates of a variety of cancers do narrow down on age adjustment, the reverse site patterns yet seem to persist (Jussawalla et al. 1970) .
Section ofOnzcology
Certain sites are less commonly affected by cancer in the Parsees, such as the buccal cavity, pharynx, larynx, cesophagus and cervix uteri. On the other hand, and again contrary to the total experience, the Parsee rates are higher for the pancreas, prostate, bladder, nervous system, female breast, uterine corpus and ovaries. There is also a higher incidence of leukemias noted in this group. This picture thus represents a remarkable and total site inversion of cancer incidence. Etiology In the absence of convincing evidence of the basic importance of major genetic factors in the etiology of human cancer, it does not appear likely that they tend to play a significant role in the choice of site-specific cancer risks. It would appear more realistic to conjecture that the variations observed in the local environment, personal habits and communal customs between various sections of a given population might better explain the different patterns observed in the relative cancer risks between groups of people living in the same geographical area. Changes in the patterns of personal environment are usually determined by age-old traditions, mode of living, occupational and ecological hazards encountered and confirmed habits and customs of groups of people living within given urban or rural limits. Many of these factors in the East have a religious and/or economic basis. Ifwe analyse the likely etiological and epidemiological factors pertaining to the three commonest cancers in India involving the oral cavity and pharynx, the uterine cervix and the cesophagus, we find some interesting results, remembering that the incidence of these cancers is much lower in Western countries. Oral Cavity andPharynx The buccal cavity and pharynx are the commonest sites involved by cancer in Greater Bombay males. Their age-adjusted rates are higher than any reported from other countries. They seem to occur with moderately high frequency also in Puerto Rico, Canada and South-East Asia. The figure recorded for the Bombay population, however, is 50 % more than the next highest, reported from Puerto Rico (Jussawalla et al. 1968 ). The full range of variations observed in the incidence of this cancer throughout the world extends approximately thirtyfold. The sex ratios at these sites in Greater Bombay are greatly in favour of males. Such high ratios have, however, been noted in most countries.
Mortality rates for cancer of the buccal cavity and pharynx in Bombay are also much higher than those reported from other countries (Hirayama 1966). ' The high incidence of buccal and pharyngeal cancers in India is traditionally believed to be caused by chewing the pan1 quid. Chewing of 'pan' (with tobacco and other ingredients), does appear to lead to buccal cancers. Smokers, on the other hand, present a striking increase in the incidence of cancer further back, in the region of the soft palate, base of the tongue, oropharynx and larynx. Thus somewhat distinct and different site patterns appear to be related to chewing and smoking habits .
Cross-tabulations (Fig 2) reveal significantly higher occurrence of cancer in the 'combined' habit addicts in the mouth, pharynx and aesophagus. When patients are tabulated according to abstinence from chewing tobacco or otherwise 'The 'pan' consists ofa green leafof the Temburni tree (betel vine or Piper betle) in which are rolled sliced betel-nut, tobacco dust, slaked lime, catechu liquid and varying amounts ofa number ofother spicy ingredients (Fig 3) it becomes obvious that chewing is the important factor concerned in initiating oral cancer, whereas smoking tends to lead to pharyngeal cancers (Fig 4) .
The smaller volume of smoke from the Indian 'bidi' (containing 0.3 g tobacco as against 1 g in the standard cigarette) appears to lead to cancer developing in the proximal oropharynx and larynx and to a much lesser extent in the distant hypopharyngeal and cesophageal regions (Fig 4) . On the other hand, the smoking of Indian Virginia cigarettes seems to be responsible for the frequent occurrence of oropharyngeal cancers (including the soft palate). Surprisingly, the Indian cigarette does not yet appear to affect other areas in the upper respiratory tract to any great degree.
Cervix Uteri
The uterine cervix is the commonest site involved by cancer in Greater Bombay women and accounts for approximately one-fifth of the total volume of cancer recorded in women in this city. The ageadjusted rates at this site in Greater Bombay women assume intermediate rank in international comparison (UICC 1966 , Jussawalla et al. 1968 ). It is interesting that in Greater Bombay the ratio of cervix to corpus cancer is higher than that reported by other registers, except the Johannesburg Bantu. 
Section ofOncology
Cancer of the cervix is predominantly a disease of married women and occurs especially in those who marry at an early age and bear large numbers of children in their teens ). The age-adjusted rates for cervical cancer in Greater Bombay, 1964-6, were: Unmarried women 7.5, married 24.4, widowed 24.9, divorced 29.3, all women 24.7 per 10000.
The relative risk of developing cervical cancer in Bombay women appears:
(1) To decrease, with increasing age at marriage. Assuming the risk among women married after 25 years of age to be unity, the relative risk of developing cervical cancer among Greater Bombay women married when under 10 was 5.3 (P<0.001), for marriage at ages 10-14 it was 3.2 (P<0.01), at ages 15-19 it was 1.5 and at 20-24 it was 1.0.
(2) To be higher in those women who become pregnant for the first time before the age of 20. Assuming the risk among nulliparous women to be unity, the relative risk of developing cervical cancer among Greater Bombay women becoming pregnant when under 15 was 13.9 (P<0.001), for those becoming pregnant at ages 15-19 it was 2.8 (P<0.001), at ages 20-24 it was 1.5, at ages 25 and over it was 0.9 and for all parous women it was 2.3 (P<0.01).
(3) To increase in direct proportion to the number of pregnancies. Assuming the risk among nulliparous women to be unity, the relative risk of developing cervical cancer among Greater Bombay women having 1-2 pregnancies was 1.4, for 3-4 pregnancies it was 2.0 (P<0.05), for 5-6 pregnancies 2.5 (P<0.01) and for 7 or more pregnancies it was 3.3 (P<0.001).
(4) To decrease with increasing time-interval between pregnancies. Assuming the risk among nulliparous women to be unity, the relative risk of developing cervical cancer among Greater Bombay women with less than 2 years between pregnancies was 3.9 (P<0.001), with 2-3 years between pregnancies it was 2.2 (P<0.05), with 3-4 years it was 2.2 (P<0.05), with 4 or more years it was 1.7 and for all women with 2 or more pregnancies it was 2.3 (P<0.01).
Whatever influence marital status, active sexual life and child-bearing may have on the development of cervical cancer, the suspected factors (traumatic, infective or hormonal) obviously begin to exert their action at a much earlier age than when their final effect is seen (Maliphant 1949 ). There is a big time lag between the mean age at marriage (14.4 years) and at first delivery (18.7 years), at which ages the suspect factor is thought to begin its activity, and the mean age at which cancer finally presents as a fait accompli (46.4 years). It appears after adequate analysis that cancer of the uterine cervix arises mainly as a result of multiple pregnancies, at least in India.
Identification of high-risk groups is essential in planning any programme for early cancer detection. Our studies apparently indicate that multiple pregnancies starting from an early age represent an important risk factor in those Indian women who ultimately develop cervical cancer.
(Esophagus A perusal of the literature shows that in the digestive tract the cesophagus is the commonest viscus involved by cancer in India. Age-adjusted rates at this site in Bombay exceed the figures reported by most registers in Europe, the UK and the USA. Of the 89 populations for which relevant data are available (C S Muir & J Nectoux 1971, personal communication), only 17 male and 9 female rates show higher values than at Bombay.
One of the prominent epidemiological characteristics of cesophageal cancer is the great variability noted in the sex ratio as reported from different parts of the world. The M :F ratio varies from an astonishing 16:1 in the Maoris of New Zealand to 0.4:1 in the Indian population of Natal (South Africa). The typical pattern of male preponderance has been observed by most registers. Unlike other areas, however, Greater Bombay presents high age-adjusted incidence rates together with a relatively low M:F ratio (1.16:1). Other regions with a high cesophageal cancer risk do not appear to show this trend, except perhaps Iran (North Gonbad) and the Indian population residing in Natal (South Africa), which reveal even lower M :F ratios.
It appears that tobacco plays an important role in the etiology of cesophageal cancer in India. Contrary to the situation observed in various industrially developed countries of the West, our data show a link between alcohol and csophageal cancer only in association with other factors such as smoking and chewing of tobacco. Alcohol addiction by itself appears to play no part in initiating cesophageal cancer in the Indian population.
Conclusions and Comments
Statistical data relating to cancer are still inadequate in India as in all other underdeveloped countries. In the absence of accurate morbidity statistics most observers in these countries are forced to rely on clinical records to assess disease frequencies. Such studies, however, uniformly demonstrate the existence of basic differences in the site preference of cancer in groups of people exhibiting different habits, customs, addictions and personal environment, even though living within the same geographical boundaries.
The situation in India is, however, fast changing and a growing interest is being taken in establishing 'data banks' through appropriate cancer registration. The Bombay Cancer Registry is the only population-based register functioning in the country today.
As compared with India the smaller developing countries should have better opportunities to improve their data within a relatively short time because of the lesser burden of looking after smaller populations. A major effort is obviously necessary in a country the size of India to assess the true cancer load when vital statistics, even today, are maintained at but a few highly industrialized urban centres.
In India, the commonest sites involved by cancer are the oropharynx, the upper digestive tract (above the level of the cardio-aesophageal junction) and the uterine cervix. This situation is at complete variance with the distribution seen in the West, where the disease is seen to occur in greater numbers in the bronchus, the digestive tract below the level of the cardio-cesophageal junction and the female breast. The age pyramid of the population in underdeveloped countries is broad based and the average life-span is short. A majority of the people do not survive to an age when cancer is known to strike with greater frequency.
The general etiological picture obtained for cancer today in the different parts of the world is varied and complex. It appears that the disease is caused by a varying number of agents not only in different countries but even in different parts of the same country. Its incidence ultimately seems to depend on the degree of carcinogenicity of individual agents or a combination of them and on the amount of environmental and other contaminants to which a particular population is exposed, both at the general and personal levels. 
Distribution of Cancer in Africa
From the standpoint of disease patterns sub-Saharan Africa must be considered separately from the north of the continent, which may be viewed as a downward spread of Mediterranean civilization. There is for example a greater change in pathology encountered between southern and northern Sudan than between southern Sudan and the Cape (Burkitt 1966) .
Any study of cancer distribution in sub-Saharan Africa will show that while some tumours are unduly rare or prevalent everywhere, others are almost peculiar to large segments of the continent, while at the same time having a more detailed geographical distribution within individual countries.
Tumours that are Rare or Common Throughout Sub-Saharan Africa Tumours of the large bowel, the corpus uteri, the skin and the testes are, in comparison with Western countries, remarkably rare throughout Africa. Breast tumours, while not rare, are much less prevalent than in Europe or North America. Primary liver cancer is, on the other hand, probably the commonest form of cancer encountered throughout sub-Saharan Africa.
With the exception of cutaneous and testicular cancers, all these tumours have a comparable incidence in white and coloured Americans and must therefore be considered primarily environmental.
Tumours Almost Limited to Countries near the Equator Two forms of cancer are prevalent in equatorial countries but are very rare in the north and south. These are Burkitt's lymphoma, the distribution of which is now well known (Burkitt 1971), and the epithelioma which arises in the often healed scars of tropical leg ulcers. This is not considered a skin cancer or a malignant transformation in an inflammatory process, since the ulcer may be healed for many years before the appearance of a rapidly spreading malignant tumour in the depigmented scar tissue. The distribution of this tumour coincides with that of tropical ulcers, which are rare in the south or north of the continent but ubiquitous throughout east, west and central Africa.
Tumours Commoner in East than in West Africa While Kaposi's sarcoma, and particularly cesophageal cancer, show areas of high and low incidence in different parts of East Africa, both
